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ACCESSION NUMBER: 
TITLE: 



AUTHOR (S) : 
CORPORATE SOURCE 

SOURCE: 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
AB 



CAPLUS COPYRIGHT 2001 ACS 
2001:367036 CAPLUS 

Screening and production of debranching enzyme from 
bacteria 

Naito, Shinsuke 

Department of Agriculture, Research Lab. for 
Microbiology, Meijo University, Japan 
Meijo Daigaku Nogakubu Gakujutsu Hokoku (2001), 37, 
103-108 

CODEN: MDNGBZ ; ISSN: 0910-3376 
Meijo Daigaku Nogakubu 
Journal 
Japanese 

Debranching enzyme-producing bacteria were investigated widely 
from various sources using the following medium (1% maltose or 0.5% 
.beta. -limited dextrin ( .beta. -L. D. ) , 0.2% (NH4)2HP04, 0.1% sodium 
glutamate, trace of yeast exts. and other inorg. salts) and a slightly 
modified selective procedure for bacteria producing 
pullulanase and isoamylase by Ruben et al. This screening method 
was very effective in comparison with their report and consequently about 
40% of isolated colonies (273 strains) yielded the enzymes. Most of them 
were supposed as Klebsiella species showing relatively high 
prodn. of pullulanase and no amylolytic activity. Some were 
supposed as Bacillus species which were found to produce both 
pullulanase and . alpha . -amylase in their culture fluid. On the 
other hand, 8 strains selected as isoamylase-producing bacteria 
showed a little activities on amylopectin as a substrate at pH 5.2 and 
40. degree. C, but did not at 50, degree. C. Extracellular 
pullulanase activities of No. 5-4. No. 28, No. 18 and No. 65 
supposed as Klebsiella sp. were 83, 70 and 64 nkat . /mL of 
culture, resp. Acid- and temp, -tolerance of these enzymes were slightly 
superior ot that of K. pneumoniae. Pullulanase 

activity of No. G-17 supposed as Bacillus sp. was 41 nkat/mL of 
culture and acid-tolerance of its enzyme was inferior to that of B. 
acidopullulyticus . 
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Frandsen, Torben Peter 
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19980715 
19981217 
19980715 
19981217 
19990709 



DK 1998-937 
DK 1998-1667 
WO 1998-DK937 
WO 1998-DK1667 
WO 1999-DK392 

AB The invention relates to a variant of a parent fungal 

glucoamylase, which exhibits improved thermal stability and/or increased 
specific activity using saccharide substrates. The x-ray structure 

and/or 

model-build structure of Aspergillus awamori variant X100 
glucoamylase was subjected to mol . dynamics simulations to identify 
regions important for temp. -stable activity. The truncated Gl 
glucoamylase from Aspergillus niger was modified by (1) random 
mutagenesis, (2) localized random, doped mutagenesis, or (3) PCR 
shuffling 

spiked with DNA oligonucleotides in order to prep, variants 
having improved thermostability compared to the parent enzyme. Such 
glucoamylase variants have use in starch saccharif ication, 
oligosaccharide prodn., specialty syrups, producing ethanol for fuel, 
producing beverages, and producing org. compds . (citric acid, ascorbic 
acid, lysine, glutamic acid) . 



REFERENCE COUNT: 
REFERENCE (S) : 



(1) Chen, H; Protein Eng (ENGLAND) 1995, V8(6), P575 
CAPLUS 

(2) Fierobe, H; Biochemistry (UNITED STATES) 1996, 
V35 (26) , P8696 CAPLUS 

(3) Iowa State University Research Foundation Inc; WO 
9803639 Al 1998 CAPLUS 

(4) Novo Nordisk AS; WO 9200381 Al 1992 CAPLUS 



L9 ANSWER 3 OF 21 CAPLUS COPYRIGHT 2001 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2000:34954 CAPLUS 
132: 90065 

Genetic engineering of starch-debranching enzymes for 

improved thermostability and specificity 

Bisgard-Frantzen, Henrik; Svendsen, Allan 

Novo Nordisk A/S, Den. 

PCT Int. Appl. , 116 pp. 

CODEN: PIXXD2 

Patent 

English 
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PATENT NO. 



KIND DATE 



WO 2000001796 A2 20000113 

WO 2000001796 A3 20000309 

W 



APPLICATION NO. DATE 



WO 1999-DK381 



19990702 



AE, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ, 

DE, DK, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, 

JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 

MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, 

TM, TR, TT, UA, UG, UZ, VN, YU, ZA, ZW, AM, AZ, BY, KG, KZ, MD, 

RU, TJ, TM 



RW: GH, GM, 

ES, FI, 

CI, CM, 
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EP 1092014 
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SZ, UG, ZW, AT^^E, CH, CY, DE, 
LU, MC, NL, PT^Be, BF, BJ, CF, 

NE, SN, TD, TG 

AU 1999-48971 19990702 
EP 1999-932675 19990702 

GB, GR, IT, LI, LU, NL, SE, MC, PT, 



AB 



acid 



DK 1998-868 A 19980702 

WO 1999-DK381 W 19990702 
The invention relates to a genetically engineered variant of a 
parent starch-debranching enzyme, i.e. a pullulanase or an 
isoamylase, the enzyme variant having an improved 

thermostability at a pH in the range of 4-6 compared to the parent enzyme 
and/or an increased activity towards amylopectin and/or glycogen compared 
to the parent enzyme. Methods for producing such starch-debranching 
enzyme variants with improved thermostability and/or altered 
substrate specificity are provided. Alignment of pullulanases 
of Bacillus acidopullulyticus and Bacillus 

deramif icans, and of isoamylases of Rhodothermus marinus and 
Pseudomonas amyloderamosa, identified specific loop regions and amino 

residues appropriate for substitution with thermostability-conf erring 
residues. The modified enzymes should yield improved conversion 
of starch to one or more sugars. 
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Genencor International, Inc., USA 
PCT Int. Appl., 4 9 pp. 
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Patent 
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PATENT NO. 



KIND DATE 



WO 9945124 
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R: AT, 
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RU, TJ, 
LS, MW, 
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TR, 
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SD, 
IE, 
ML, 



APPLICATION NO. DATE 

WO 1999-US4627 19990303 

BB, BG, BR, BY, CA, CH, CN, CU, CZ, 

ES, FI, FI, GB, GE, GH, GM, HR, HU, 

KR, KZ, LC, LK, LR, LS, LT, LU, LV, 

NZ, PL, PT, RO, RU, SD, SE, SG, SI, 

UA, UG, UZ, VN, YU, ZW, AM, AZ, BY, 



MD, 
KE, 
FR, 
GA, 

Al 19990920 
A 20001031 
A2 20001220 
CH, DE, DK, ES, 



SL, 
IT, 
MR, 



AB 



SZ, UG, ZW, AT, BE, CH, CY, DE, DK, 
LU, MC, NL, PT, SE, BF, BJ, CF, CG, 
NE, SN, TD, TG 

AU 1999-29801 19990303 
BR 1999-8422 19990303 
EP 1999-911068 19990303 
BE, CH, DE, DK, ES, FR, GB, IT, LI, NL, SE, FI 
INFO. : US 1998-34630 A 19980304 

WO 1999-US4627 W 19990303 
Pullulanases from Bacillus and Klebsiella 

that retain normal 1 , 6- . alpha . -glycosidase activity despite having 
truncations of up to 300 amino acids from the N-terminal domain, 
optionally with further amino acid substitutions, and that may be useful 
in the starch industry are described. The present invention provides 
methods for producing the modified pullulanase, 
enzymic compns . comprising the modified pullulanase, 

and methods for the saccharif ication of starch comprising the use of the 



enzymic compns. E^oression of the Bacillus derami£^ans 

pullulanase gene ^Bb. lichenif ormis hosts lacking^^e Carlsberg 

subtilisin and endopeptidase Glu-C resulted in the appearance of a series 

of N-terminal deletions of the pullulanase. Saccharif ication of 

starch with mixts. of glucoamylase (20%) and the pullulanases 

(80%) led to the saccharif ication of the starch without the formation of 

disaccharides . 
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AB Oral compns. comprise plaque-inhibiting or plaque-removing enzymes, ir 

particular at least one starch-hydrolyzing enzyme, e.g. an 
. alpha . -amylase 

or a debranching enzyme such as a pullulanase, and/or at least 
one starch-modifying enzyme, e.g. a transglucosidase or a 
CGTase, and to a method for inhibiting plaque formation or removing 
plaque 

using such oral compns. Hydroxyapatite coated with sterilized saliva 



were 



that 



as 



immersed in a culture broth contg. various microorganisms and 200MANU/mL 
Maltogenase (bacterial maltogenic . alpha. -amylase) so that an 
oral biofilm was formed on the disks. After cultivation, the disks were 
rinsed and stained and the intensity of the red color was compared to 

of non-treated disks. The plaque intensity of the Maltogenase was 36.8 



compared with 100% for the controls. 
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Characterization of mutants deficient in 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
The discovery that HLA-B27 is linked to ankylosing spondylitis (AS) 



AUTHOR: 
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AB 
and 



1, pp. 



be 



HLA-DR1/DR4 to rheumatoid arthritis (RA) has provided new approaches to 
the study of the possible causation of these diseases. 

Several theories have been proposed to explain these associations but 
only one, namely ''molecular mimicry'', has provided a specific 
aetiological agent for each of these diseases. 

Molecular mimicry between HLA-B27 and two molecules in 
Klebsiella microbes: nitrogenase and pullulanase D has 

been reported whilst in Proteus microbes, the haemolysin molecule shows 
sterochemical similarity to HLA-DR1/DR4. 

Elevated immune responses to Klebsiella microbes have been 
demonstrated in AS patients from 10 different countries and this wide 
geographical distribution suggests that the same aetiological agent is 
probably acting in producing this condition. 

Furthermore RA patients show similar immune responses to Proteus 
microbes . 

Whether AS or RA are caused by these bacteria can only be 
resolved by tissue typing all rheumatological patients early, in the 
course of their disease and then assessing their response to antibiotic 
chemotherapy in longitudinal studies involving double-blind crossover 
trials . 

It is possible that in the future, the course of AS or even RA could 

modified by adequate antibiotic chemotherapy or even diets which 
affect the substrates on which these bacteria grow. 
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Article; Journal 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
Linker insertions in the pullulanase structural gene (pulA) 
were examined for their effects on pullulanase activity and cell 
surface localization in Escherichia coli carrying the cognate secretion 
genes from Klebsiella oxytoca. Of the 23 insertions, 11 
abolished pullulanase activity but none were found to prevent 
secretion. To see whether more drastic changes affected secretion, we 
fused up to five reporter proteins (E. coli periplasmic alkaline 
phosphatase, E. coli periplasmic maltose-binding protein, periplasmic TEM 
beta-lactamase, Erwinia chrysanthemi extracellular endoglucanase Z, and 
Bacillus subtilis extracellular levansucrase ) to three different 
positions in the pullulanase polypeptide: close to the N 
terminus of the mature protein, at the C terminus of the protein, or at 
the C terminus of a truncated pullulanase variant 

lacking the last 256 amino acids. Only 3 of the 13 different hybrids were 
efficiently secreted: 2 in which beta-lactamase was fused to the C 
terminus of full-length or truncated pullulanase and 1 in which 
maltose-binding protein was fused close to the N terminus of 
pullulanase. Affinity-purified endoglucanase-pullulanase 
and pullulanase-endoglucanase hybrids exhibited apparently 
normal levels of pullulanase activity, indicating that the 
conformation of the pullulanase segment of the hybrid had not 
been dramatically altered by the presence of the reporter. However, 
pullulanase endoglucanase hybrids were secreted efficiently if the 
endoglucanase component comprised only the 60-amino-acid, C-terminal 
cellulose-binding domain, suggesting that at least one factor limiting 
hybrid protein secretion might be the size of the reporter. 
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Random mutagenesis of pullulanase from 
Klebsiella aerogenes for studies of the structure 
and function of the enzyme. 

Yamashita M; Kinoshita T; Ihara M; Mikawa T; Murooka Y 
Department of Fermentation Technology, Faculty of 
Engineering, Hiroshima University. 

JOURNAL OF BIOCHEMISTRY, (1994 Dec) 116 (6) 1233-40. 
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Journal; Article; (JOURNAL ARTICLE) 
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AB To study the stru^ure and function of pullulanase^^rom 

Klebsiella aerog^ft, a method involving random mu^^enesis of the 

entire gene for puRulanase was used. Out of 50, OOO^clones 
screened at high temperature, seven genes for mutant proteins 
were identified by DNA sequencing. The amino acid substitutions in the 
seven mutant proteins were clustered on the NH2-terminal side of 
the four conserved regions found in alpha-amylases . These mutant 
pullulanases were classified into two types: those whose catalytic 
activity was altered and those whose thermal stability was increased. The 
results presented here and in previous reports suggest that 
pullulanase from K. aerogenes has similar active sites to those of 
alpha-amylases with the four conserved regions, as well as another 
substrate-binding site closer to the NH2-terminus . The plate assay method 
used for isolation of thermostable variants may be applicable to 
the generation of useful variants of other enzymes. 
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Stellenbosch 7600 South Africa 
SOURCE: Suid-Af rikaanse Tydskrif vir Natuurwetenskap en 

Tegnologie, 

(1994) Vol. 13, No. 3, pp. 66-80. 
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DOCUMENT TYPE: General Review 
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AB The world's problem with overpopulation and environmental pollution has 
created an urgent demand for alternative protein and energy sources. One 
way of addressing these burning issues is to produce single-cell protein 
(for food and animal feed supplements) and fuel ethanol from 
_ polysaccharide-rich agricultural crops and industrial waste by using 
"baker's yeast. Owing to the- absence of certain depolymerising enzymes, 

the 

yeast Saccharomyces cerevisiae is unable to utilise the vast reserves of 
energy sources present in starch, pectin, cellulose and hemicellulose . 
Enzymes such as amylases, pectinases, cellulases and hemicellulases are 
required for the release of fermentable sugars from these 
polysaccharides . 

For the complete conversion of starch to glucose one requires a 
liquefaction enzyme (alpha-amylase ) , a saccharifying enzyme 
(glucoamylase) 

and a debranching enzyme (pullulanase) . Thus far we have cloned, 
manipulated and expressed the alpha-amylase gene (AMYl) from the 
Gram-positive bacterium Bacillus amyloliquef aciens , 

the glucoamylase gene (STA2) from S. cerevisiae var. diastaticus and the 
pullulanase gene (PUL1) from the Gram-negative bacterium 
Klebsiella pneumoniae in S. cerevisiae. To circumvent 
the expensive pretreatment (a cooking process) of starch in future 
industrial plants, we have also cloned the genes (RSA1 and RSG1) encoding 
raw starch-degrading amylases from the yeast Endomyces fibuliger and are 
currently endeavoring to incorporate these genes into the existing 
amylase 

cassette to be expressed in S. cerevisiae. The bioconversion of pectin is 
catalysed by pectinesterases and depolymerases . Some strains of S. 
cerevisiae produce pectinesterase and can convert pectin into pectate. A 
pectinase cassette comprising yeast expression/secretion systems that 
contain a pectate lyase gene (PELS) from the plant pathogen Erwinia 
chrysanthemi, and the polygalacturonase gene (PEH1) from Erwinia 
carotovora was designed and successfully expressed in S. cerevisiae. The 



most important enzmes involved in the degradation^nd utilisation of 
cellulose and hem^ftllulose can be divided into th^^ollowing groups: 
endoglucanase (gluWnohydrolase) , exoglucanase (ceJ^biohydrolase) , 
cellobiase {beta-glucosidase) , beta-xylanase, beta-xylosidase and xylose 
isomerase. We have cloned, modified and expressed the 
endo-beta-1, 4-glucanase gene (ENDl) from the rumen bacterium 
Butyrivibrio f ibrisolvens , the exo- and endo-beta-1 , 3-glucanase genes 
(BGL1/EXG1 and BGL2/ENG2) from S. cerevisiae, the cellobiase and 
beta-glucosidase genes (BGL1 and BGL2) from E. fibuliger and the 
beta-xylanase genes (XYN2 and XYN3) from Trichoderma reesei and 
Aspergillus kawachii in S. cerevisiae. The cellobiohydrolase gene (CBHl) 
from the white rot fungus Phanerochaeta chrysosporium and the xylanase 
gene (XYN1) from the bacterium Ruminococcus flavefaciens are 
currently being prepared for expression in S. cerevisiae. At the same 
time, our laboratories are also seeking to clone and express the genes 
encoding beta-xylanase (XYN1), beta-xylosidase (XYLl) and 
xylose-isomerase 

(XYS1) from the fungi T. reesei, Aspergillus niger and Candida boidinii. 
Eventually we will endeavour to combine these amylase, pectinase, 
cellulase and hemicellulase cassettes onto an artificial minichromosome 
and introduce it into S. cerevisiae, thereby enabling baker's yeast to 
utilise these different polysaccharides. 
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Gene expressing in Bacillus lichenif ormis 
using especially . alpha . -amylase promoter 
variant 

Joergensen, Steen Troels; Joergensen, Per Linaa 
Novo Nordisk A/S, Den. 
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WO 1992-DK337 19921113 
AB Genes of anaerobic and/or thermophilic microorganisms are expressed in B. 
lichenif ormis from a promoter variant of . alpha . -amylase (I) 
gene of B. lichenif ormis . Plasmid pSJ1391 contg . fusion gene for 
I/CGTase 

(cyclodextrin glycosyl transferase) expressed from the promoter 
variant of I gene of B. lichenif ormis was constructed. The 
plasmid was transformed into an I-producing B. lichenif ormis for 
integration of the fusion gene by in vivo recombination. B. subtilis 
transformants contg. the fusion gene integrated into the chromosome was 
similarly prepd. The recombinant B. licheni f ormis and B. subtilis 
produced CGTase 200-275 and 17-21 arbitrary units, resp. 
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ROUX, F-75724 PARIS 15, FRANCE; RHONE POULENC RORER, DEPT 
BIOTECHNOL, F-94 403 VITRY, FRANCE 
FRANCE 

EMBO JOURNAL, (JAN 1993) Vol. 12, No. 1, pp. 271-278. 
ISSN: 0261-4189. 
Article; Journal 
LIFE 
ENGLISH 
43 

* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
The secretion of the Klebsiella oxytoca cell surface 
lipoprotein pullulanase involves translocation across the 
cytoplasmic and outer membranes of the Gram-negative bacterial 
cell envelope. A variant of pullulanase was created by 

fusing the signal peptide-encoding 5' region of the Escherichia coli gene 
for periplasmic MalE protein to the 3' end of the pulA gene encoding 
almost the entire mature part of pullulanase. When produced in 
E.coli carrying the malE-pulA gene fusion on a high copy number plasmid 
and the complete set of genes specifically required for 
pullulanase secretion on a second plasmid, the hybrid protein 
differed from wild-type pullulanase as follows: (i) it was not 
fatty-acylated; (ii) it was apparently processed by LepB signal peptidase 
rather than by LspA lipoprotein signal peptidase; (iii) it was released 
into the periplasm and was only slowly transported across the outer 
membrane, and <iv) it was released directly into the medium rather than 
via the usual surface-anchored intermediate. The hybrid protein was 
secreted more rapidly when malE-pulA was expressed from a low copy number 
plasmid. The two steps in the secretion pathway could be totally 
uncoupled 

by expressing first the malE-pulA gene fusion and then the cognate 
secretion genes. These results show that f atty-acylation of wild-type 



PulA 



is not essential for secretion but may improve its efficiency when large 
amounts of the protein are produced, that the two steps in secretion can 
occur quite independently and that the periplasmic intermediate can 
persist for long periods under certain circumstances. 
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THE PROTEIN- SEQUENCE RESPONSIBLE FOR LIPOPROTEIN MEMBRANE 
LOCALIZATION IN ESCHERICHIA-COLI EXHIBITS REMARKABLE 
SPECIFICITY 

GENNITY J M; INOUYE M (Reprint) 

UNIV MED & DENT NEW JERSEY, ROBERT WOOD JOHNSON MED SCH, 
DEPT BIOCHEM, PISCATAWAY, NJ, 08854 
USA 

JOURNAL OF BIOLOGICAL CHEMISTRY, (1991) Vol. 266, No. 25, 
pp. 16458-16464. 
Article; Journal 
LIFE 
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44 

^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Structural information defining an N-terminal sequence required for 
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AB 
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membrane sorting of bacterial lipoproteins has been previously 
garnered through the study of a hybrid outer membrane (OM) 
lipo-beta-lactamase (LL) (Ghrayeb and Inouye (1984) J. Biol. Chem. 259, 
463-467). Introduction of an aspartate as the second residue of mature LL 
(D2 mutant) causes an inner membrane (IM) localization of this 
protein (Yamaguchi, K. , Yu, F. , and Inouye, M. (1988) Cell 53, 423-432). 
Introduction of as aspartate at the third residue of mature LL (D3) 
causes 1 
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ker IM sorting signal and when present as the 
1 OM sorting^^curs . A positively charged re 
ion (K2) has^o effect on OM localization. Rem! 
itution at either the second (E2) or third (E3 



emir 



urth residue (D4), 
e at the second 
kably, glutamate 
position does not 



fere with OM sorting. Sorting of the mutant D2 LL can be 
ally suppressed by introduction of a positively charged histidine 

or lysine (D2K3) at residue 3 of the mature protein. These results 
ate that both the negative charge of the aspartate residue and some 
tural feature not present in a glutamate residue are required for 
ng to the IM. The suppression of IM localization of the D2H3 LL 
e mutant can be eliminated by growing Escherichia coli at 
4 to reduce the histidine partial positive charge. This result 
rts the essentiality of a negative charge in IM localization and 
ates that the committed step in lipoprotein sorting is made in a 
lar compartment, the periplasm, at equilibrium with the external pH. 
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Cloned Erwinia chrysanthemi out genes enable Escherichia 
coli to selectively secrete a diverse family of 
heterologous proteins to its milieu. 
He S Y; Lindeberg M; Chatter jee A K; Collmer A 
Department of Plant Pathology, Cornell University, Ithaca, 
NY 14853. 

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 
UNITED STATES OF AMERICA, (1991 Feb 1) 88 (3) 1079-83. 
Journal code: PV3; 7505876. ISSN: 0027-8424. 
United States 
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The out genes of the enterobacterial plant pathogen Erwinia chrysanthemi 
are responsible for the efficient extracellular secretion of multiple 
plant cell wall-degrading enzymes, including four isozymes of pectate 
lyase, exo-poly-alpha-D-galacturonosidase , pectin methylesterase, and 
cellulase. Out- mutants of Er. chrysanthemi are unable to export 
any of these proteins beyond the periplasm and are severely reduced in 
virulence. We have cloned out genes from Er. chrysanthemi in the stable, 
low-copy-number cosmid pCPP19 by complementing several transposon-induced 
mutations. The cloned out genes were clustered in a 12-kilobase 
chromosomal DNA region, complemented all existing out mutations in Er. 
chrysanthemi EC16, and enabled Escherichia coli strains to efficiently 
secrete the extracellular pectic enzymes produced from cloned Er. 
chrysanthemi genes, while retaining the periplasmic marker protein 
beta-lactamase. DNA sequencing of a 2.4-kilobase EcoRI fragment within 

out cluster revealed four genes arranged colinearly and sharing 
substantial similarity with the Klebsiella pneumoniae 
genes pulH, pull, pulJ, and pulK, which are necessary for 
pullulanase secretion. However, K. pneumoniae cells 

harboring the cloned Er. chrysanthemi pelE gene were unable to secrete 

Erwinia pectate lyase. Furthermore, the Er. chrysanthemi Out system was 
unable to secrete an extracellular pectate lyase encoded by a gene from a 
closely related plant pathogen. Erwinia carotovora ssp. carotovora. The 
results suggest that these enterobacteria secrete polysaccharidases by a 
conserved mechanism whose protein-recognition capacities have diverged. 
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Journal; Article 
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English 
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xcp mutations have pleiotropic effects on the secretion of proteins in 
Pseudomonas aeruginosa PAO. The nucleotide sequence of a 1.2-kb DNA 
fragment that complements the xcp-1 mutation has been determined. 
Sequence 

analysis shows the xcpA gene product to be a 31.8-kDa polypeptide, with a 
highly hydrophobic character. This is consistent with a localization in 
the cytoplasmic membrane in P. aeruginosa, determined after specific 
expression of the xcpA gene under control of the T7.PHI.10 promoter. A 
very strong homology was found between XcpA and PulO, a membrane protein 
required for pullulanase secretion in Klebsiella 
pneumoniae. This suggests the existence of a signal 
sequence-dependent secretion process common to these two unrelated 
gram-negative bacteria. 
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Article; Journal 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
The two-step protein secretion pathway in Pseudomonas aeruginosa is 
dependent on the xcp genes. We investigated whether a similar secretion 
mechanism is present in non-pathogenic Pseudomonas spp. and in other 
gram-nogative bacteria. The plant growth stimulating 
Pseucon.onas strains P. putida WCS358, P. fluorescens WCS374 and 
Ps-iudo.-uonas B10 appeared to secrete proteins into the extracellular 
me-iium. Southern hybridization experiments showed the presence of xcp 
ger:es in these strains and also in other gram-negative bacteria, 
including Xanthomonas campestris. Complementation experiments showed 

the xcp gene cluster of P. aeruginosa restored protein secretion in an X. 
campestris secretion mutant. The secretion gene cluster of X. 
ca:npes-ris however, restored secretion capacity in P. aeruginosa 
mutants only to a low degree. Two heterologous proteins were not 
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AB Type-4 fimbriae (pili) are associated with a phenomenon known as 
twitching 

motility, which appears to be involved with bacterial 
translocation across solid surfaces. Pseudomonas aeruginosa 
mutants which produce fimbriae, but which have lost the twitching 
n;-_ -ll.i'.y function, display altered colony morphology and resistance to 
1 ! -abrial-specif ic bacteriophage. We have used phenotypic 
complementation of such mutants to isolate a region of DNA 
involved in twitching motility. This region was physically mapped to a 
Sp-.M fragment around 20 min on the P. aeruginosa PAO chromosome, remote 
from the major fimbrial locus {around 75 min) where the structural 
subuni t-encoding gene {fimA/pilA) and ancillary genes required for 
f;';ibrial assembly (pilB, C and D) are found. A gene, pilT, within the 
tvviicLing motility region is predicted to encode a 344-amino acid protein 
wMch :ias strong homology to a variety of other bacterial 
p.- jtoins . These include the P. aeruginosa PilB protein, the ComG ORF-1 
pi . otein from the Bacillus subtilis comG operon {necessary for 
cciipetonce) , the PulE protein from the Klebsiella oxytoca 
(i.)rmcrly K. pneumoniae) pulC-0 operon (involved in 
pullulanase export), and the VirB-11 protein from the virB operon 
(i'ivolvt;d in virulence) which is located on the Agrobacterium tumefaciens 
T^ pl t ;.s;:id. We have also identified other sets of homologies between P. 
aeruginosa fimbrial assembly (Pil) proteins and B. subtilis Com and K. 
o>'/ioi:.i Pul proteins, which suggest that these are all related members of 
a ;pi_ -jidilised protein export pathway which is widespread in the 
euoac: eria . 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
AB The xcp genes are required for protein secretion by Pseudomonas 

aeruginosa. They are involved in the second step of the process, i.e. 

the 

translocation across the outer membrane, after the exoproteins have 
reached the periplasm in a signal peptide dependent fashion. The 
nuclc: jcide sequence of a 2.5 kb DNA fragment containing xcp genes showed 
at loist two complete open reading frames, potentially encoding proteins 
with molecular weights of 41 and 19 kd. Products with these apparent 
molecular weights were identified after expression of the DNA fragment in 
vitro and in vivo. Subcloning and complementation experiments showed 

that 

both proteins are required for secretion. The two products are located 

in 

the i r.ner membrane and share highly significant homologies with the PulL 
and .1M proteins which are required for the specific secretion of 
pullu ianase in Klebsiella pnuemoniae. These homologies 
rcivtci- che existence of a common mechanism for protein secretion in 
Pseud .monas aeruginosa and Klebsiella pneumoniae. 
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AB This study has shown that Klebsiella pneumoniae strain 

K21 ruffers from the previously characterized and closely related K. 

pneumoniae strain PAP996 in that expression of the 

pullulanase gene (pulA) and other genes of the maltose regulon is 

parti '.lly independent of exogenous inducer (maltose/maltotriose) . 

Mutants of strain K21 which are defective in pullulanase 

synthesis and/or secretion were isolated following TnlO mutagenesis. 

Three 

phenctypic classes of mutants were identified. Class I 

mutants were defective in the surface localization and secretion 

oi ; p' llulanase. Class II mutants did not secrete 

d .te :Vole levels of pullulanase but were able to export 

pullv .anase to the cell surface. Class II mutants also 

exprt sed pullulanase and other maltose-regulated genes at 

mark jly lower levels than those found in the parent strain under 

non- : .ducing conditions. The single class III mutant was 

intermediate between K21 and class I mutants; most of the 

cell- issociated pullulanase was localized at the cell surface 

w-.ij. ': a significant amount was secreted into the medium. Mapping 

i:i.:.i • jtc-d that all but three of the TnlO insertions were adjacent to, and 

at e * her side of, pulA. One class II mutant carried a TnlO 
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Pullulanase is a starch-debranching enzyme produced by the 
grair;- negative bacterium Klebsiella pneumoniae 

. In this organism, the enzyme is first exported to the outer membrane 

is subsequently released into the growth medium. Evidence reported here 

indicates that pullulanase is a lipoprotein. It is apparently 

synthesized as a precursor with a 1 9-residue-long signal sequence and 

modified by the covalent attachment of palmitate to the cysteine 

residue which becomes the amino terminus after cleavage of the signal 

sequence. In this respect, pullulanase is similar to some 

poni -j.il Linases produced by gram-positive bacteria which are 

initially exported to the cell surface and subsequently released into the 

medium. However, pullulanase and the penicillinases differ in 

one important aspect, namely, that the extracellular pullulanase 

still carries the covalently attached fatty acyls, whereas extracellular 

penicillinases lack the modified amino-terminal cysteine 

together with a limited number of other residues from the amino terminus. 
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Some strains of Klebsiella pneumonia secrete pullulanase 
, a debranching enzyme which produces linear molecules (maltodextrins, 
amylosc) from amylopectin and glycogen. pulA, the structural gene for 
pullulanase, was introduced into Escherichia coli, either on a 
i:. .it .! '. -i-copy-number plasmid or as a single copy in the chromosome. When 
i :\ E . coli, pulA was controlled by malT, the positive regulatory gene of 
the nalcose regulon. Indeed, pulA expression was undetectable in a 
rnalT-neqative mutant and constitutive in a malTc strain. 
Furthermore, the plasmid carrying pulA titrated the MalT protein. When- 
produced in E. coli, pullulanase was not localized in the same 
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way as in K. pneumoniae. In the latter case it was Xi rst 
e::ocrtsd to the o^fer membrane, with which it rema^^d loosely 
associated, 

and was then released into the growth medium. In E. coli the enzyme was 
distributed both in the inner and the outer membranes and was never 
released into the growth medium. 
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To study the structure and function of pullulanase from 
Klebsiella aerogenes, a method involving random mutagenesis of the 
entire gene for pullulanase was used. Out of 50,000 
clones screened at high temperature, seven genes for 
mutant proteins were identified by DNA sequencing. The amino acid 
substitutions in the seven mutant proteins were clustered on the 
NH2-terminal side of the four conserved regions found in alpha-amylases . 
These mutant pullulanases were classified into two 

types: those whose catalytic activity was altered and those whose thermal 
stability was increased. The results presented here and in previous 
reports suggest that pullulanase from K. aerogenes has similar 
active sites to those of alpha-amylases with the four conserved regions, 
as well as another substrate-binding site closer to the NH2-terminus . The 
plate assay method used for isolation of thermostable variants 
may be applicable to the generation of useful variants of other 
enzymes . 
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(1994) Vol. 13, No. 3, pp. 
ISSN: 0254-3486. 
T TYPE: General Review 

: Afrikaans 
LANGUAGE: Afrikaans; English 
world's problem with overpopulation and environmental pollution has 
eated an urgent demand for alternative protein and energy sources. One 
y of addressing these burning issues is to produce single-cell protein 



(for food and animal feed supplements) and fuel ethanol from 
polysaccharide-ricj^gricultural crops and industri^waste by using 
baker's yeast. OwinTto the absence of certain depo^merising enzymes, 

the 

yeast Saccharomyces cerevisiae is unable to utilise the vast reserves ot 
energy sources present in starch, pectin, cellulose and hemicellulose . 
Enzymes such as amylases, pectinases, cellulases and hemicellulases are 
required for the release of fermentable sugars from these 
polysaccharides. 

For the complete conversion of starch to glucose one requires a 
liquefaction enzyme (alpha-amylase ) , a saccharifying enzyme 
(glucoamylase) 

and a debranching enzyme (pullulanase) . Thus far we have cloned, 
manipulated and expressed the alpha-amylase gene ( AMY1 ) from the 
Gram-positive bacterium Bacillus amyloliquef aciens , 

the glucoamylase gene (STA2) from S. cerevisiae var. diastaticus and the 
pullulanase gene (PUL1) from the Gram-negative bacterium 
Klebsiella pneumoniae in S. cerevisiae. To circumvent 
the exoensive pretreatment (a cooking process) of starch in future 
industrial plants, we have also cloned the genes (RSA1 and RSG1) encoding 
raw search-degrading amylases from the yeast Endomyces fibuliger and are 
currently endeavoring to incorporate these genes into the existing 
amylase 

cassette to be expressed in S. cerevisiae. The byconversion of pectin is 
catalysed by pectinesterases and depolymerases . Some strains of S. 
cerevisiae produce pectinesterase and can convert pectin into pectate. A 
peccinase cassette comprising yeast expression/secretion systems that 
contain a pectate lyase gene (PELS) from the plant pathogen Erwinia 
ch:-vs-:nthemi, and the polygalacturonase gene (PEH1) from Erwinia 
carotovora was designed and successfully expressed in S. cerevisiae. The 
mo.-:t important enzymes involved in the degradation and utilisation of 
cellulose and hemicellulose can be divided into the following groups: 
encioclucanase (glucanohydrolase) , exoglucanase (cellobiohydrolase) , 
cellobiase (beta-glucosidase ) , beta-xylanase , beta-xylosidase and xylose 
isc:;.c;:ase. We have cloned, modified and expressed the 
enrio-oeta-l, 4-glucanase gene (END1) from the rumen bacterium 
Bui vr: vibrio f ibrisolvens , the exo- and endo-beta-1 , 3-glucanase genes 
{B:Ll/i:XGl and BGL2/ENG2) from S. cerevisiae, the cellobiase and 
bs- i- 'lucosidase genes (BGL1 and BGL2) from E. fibuliger and the 
be u!-;:ylanase genes (XYN2 and XYN3) from Trichoderma reesei and 
As- er :illus kawachii in S. cerevisiae. The cellobiohydrolase gene (CBH1) 
fr*\:t the white rot fungus Phanerochaeta chrysosporium and the xylanase 
ge:/i (XYNl) from the bacterium Ruminococcus flavef aciens are 
cui-e:.tly being prepared for expression in S. cerevisiae. At the same 
tir-j, our laboratories are also seeking to clone and express the 
aei.-s encoding beta-xylanase (XYN1), beta-xylosidase (XYLl) and 
xv opf-isomerase (XYS1) from the fungi T. reesei, Aspergillus niger and 
cV- !: a boidinii. Eventually we will endeavour to combine these amylase, 
p- -lipase, cellulase and hemicellulase cassettes onto an artificial 
n. chromosome and introduce it into S. cerevisiae, thereby enabling 
ba'-cr's yeast to utilise these different polysaccharides. 
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The invention relates to a genetically engineered variant of a 
parent starch-debranching enzyme, i.e. a pullulanase or an 
isoair/lase, the enzyme variant having an improved 

thermostability at a pH in the range of 4-6 compared to the parent enzyme 
and/or an increased activity towards amylopectin and/or glycogen compared 
to the parent enzyme. Methods for producing such starch-debranching 
enzvme variants with improved thermostability and/or altered 
substrate specificity are provided. Alignment of pullulanases 
o: Bacillus acidopullulyticus and Bacillus 

d^rairuif icans, and of isoamylases of Rhodothermus marinus and 
F -oudo.nonas amyloderamosa, identified specific loop regions and amino 

residues appropriate for substitution with thermostability-conf erring 
residues. The modified enzymes should yield improved conversion 
of starch to one or more sugars. 
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AB Gene- c.z anaerobic and/or thermophilic microorganisms are expressed in B. 
J i £ "i r ormis from a promoter variant of . alpha . -amylase (I) 
gone ^ B . licheniformis. Plasmid pSJ1391 contg. fusion gene for 
I/CGThFQ 

, "-L ipy.trin glycosyl transferase) expressed from the promoter 



variant of I gene t^B. lichenif ormis was construct^ The 
plasfi.id was transfMled into an I-producing B. lichMformis for 

intecration of the fusion gene by in vivo recombinafTon . B. subtil 
transfonnants contg . the fusion gene integrated into the chromosome 
similarly prepd. The recombinant B. lichenif ormis and B. subtil is 
produce /cGTase 200-275 and 17-21 arbitrary units, resp. 
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Pseudomonas aeruginosa and Pseudomonas alcaligenes are gram-negative 
bacteria that secrete proteins using the type II or general secretory 
pathway, which requires at least 12 xcp gene products (XcpA and XcpP to 
-Z), Despite strong conservation of this secretion pathway, gram-negative 
bacteria usually cannot secrete exoproteins from other species. Based on 
results obtained with Erwinia, it has been proposed that the XcpP and/or 
XcpQ homologs determine this secretion specificity (M. Linderberg, G. P. 
Salmond, and A. Collmer, Mel. Microbiol. 20:175-190, 1996). In the 
present 

study, we report that XcpP and XcpQ of P. alcaligenes could not 
substitute 

for their respective P. aeruginosa counterparts. However, these 
complementation failures could not be correlated to species specific 
recognition of exoproteins, since these bacteria could secrete 
exoproteins 

of each other. Moreover, when P. alcaligenes xcpP and xcpQ were expressed 
simultaneously in a P. aeruginosa xcpPQ deletion mutant 
, complementation was observed, albeit only on agar plates and not in 
liquid cultures. After growth in liquid culture the heat-stable P. 
alcaligenes XcpQ multimers were not detected, whereas monomers were 
clearly visible. Together, our results indicate that the assembly of a 
functional Xcp machinery requires species-specific interactions between 
XcpP and XcpQ and between XcpP or XcpQ and another, as yet 
uncha r a j t e r i zed 

co moor, .-ni: (s) . 
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AB The ... ps gene c i us ter is required for the second step of type II 

protein 

s.-:? ret ion in Xanthomonas campestris pv, campestris . Deletion of 
th- entire gene cluster caused accumulation of secreted proteins in the 
periplasm. By analyzing protein abundance in the chromosomal 
m-itant strains, we observed mutual dependence for normal 
- adv-state levels between the XpsL and the XpsM proteins. The XpsL 
i- ,':ei:t was undetectable in total lysate prepared from the xpsM 
Jr.^iant strain, and vice versa. Introduction of the wild-type xpsM 
g ■. : cirried on a plasmid into the xpsM mutant strain was 
s . ficient for reappearance of the XpsL protein, and vice versa. 
Moreov ; -, 

b h X;^L and XpsM proteins were undetectable in the xpsN mutant 

s- ■ -Ji:.", They were recovered either by reintroducing the wild-type xpsN 

0 j :jy introducing extra copies of wild-type xpsL or xpsM 

1 vio. i.illy. Overproduction of wild-type XpsL and -M proteins 

b ■/.••;,r. ously, but not separately, in the wild-type strain of X, 

c . -..".it's pv, campestris caused inhibition of secretion. Complementation 

c' m ■: L or xpsM mutant strain with a plasmid-borne wild-type 

g e w..; inhibited by coexpression of XpsL and XpsM. The presence of the 

v >] a :<e on the plasmid along with the xpsL and the xpsM genes caused 

n: e -ere inhibition in both cases. Furthermore, complementation of the 

x O r;,'^nt strain was also inhibited. In both the wild-type 

si; A a strain with the xps gene cluster deleted (XC17433), carrying 
i: ^-Lfc ., which encodes all three proteins, each protein coprecipitated 
v -h other two upon immunoprecipitation . Expression of pairwise 
c . ' ons of the three proteins in XC17433 revealed that the XpsL-XpsM 
a : r .r.. . XpsN pairs still coprecipitated, whereas the XpsL-XpsN pair no 
1 jo/ - precipitated. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
rs gene cluster composed of 11 open reading frames is required for 
^ II protein secretion in Xanthomonas campestris pv. campestris. 
cely upstream of the xpsD gene, which encodes an outer membrane 

chat serves as the secretion channel by forming multimers, there 
~n open reading frame (previously designated ORF2) that could 
u protein of 261 amino acid residues. Its N-terminal hydrophobic 
. s a likely membrane-anchoring sequence. Antibody raised against 
:.:ein could detect in the wild-type strain of X. campestris pv. 
: s a protein band with an apparent molecular mass of 36 kDa by 

slotting. Its aberrant slow migration in sodium dodecyl 
-■olyacrylamide gels might be due to its high proline content. We 
■A this protein XpsN. By constructing a mutant strain 
n-frame deletion of the chromosomal xpsN gene, we 
r.ced that it is required for the secretion of extracellular 

>:\pestris pv . campestris. Subcellular fractionation studies 
i that the XpsN protein was tightly associated with the membrane, 
radient sedimentation followed by immunoblot analysis revealed 
rimarily appeared in the cytoplasmic membrane fractions. Immune 
• ';ion experiments indicated that the XpsN protein was 
■ cated with the XpsD protein. In addition, the XpsN protein was 
. with the (His) (6) -tagged XpsD protein from the metal affinity 
raphy column. All observations suggested that the XpsN protein 
cable complex with the XpsD protein. In addition, immune 
r .cion analysis of the XpsN protein with various truncated XpsD 
revealed that the C-terminal region of the XpsD protein ^ between 
■;50 and 759 was likely to be involved in complex formation 
..e two. 
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AB Pullulanases from Bacillus and Klebsiella that retain normal 

I, (- . alp:..; . -glycosidase activity despite having truncations of up to 300 
amir.o ac: Js from the N-terminal domain, optionally with further amino 

acid 

sul.. titu'.ions, and that may be useful in the starch industry are 
des -ribe i. The present invention provides methods for producing the 
modified pullulanase, enzymic compns . comprising the 
modified pullulanase, and methods for the 

sacchari : ication of starch comprising the use of the enzymic compns. 
Expr-?ssi< .n of the Bacillus deramif icans pullulanase gene in B. 

II, r.onifcrmis hosts lacking the Carlsberg subtilisin and endopeptidase 
Gl'.-c res ilted in the appearance of a series of N-terminal 
deVtions of the pullulanase. Saccharif ication of 

sl,. :h wi'.h mixts. of glucoamylase (20%) and the pullulanases 

(8, i led to the saccharif ication of the starch without the formation of 

di? -zchar'des. 
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cslluloly.ic activity wherein .gtoreq.25% of the total wt . of 
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. beta . -gl^tanase or Humicola-like cellulas 



l^^nase or Humico±a-iiKe cenuias^if the glycolsyl 
family (^BThus, gene encoding two endo- Aa . -1 , 4-glucanases 
■^s CelA ana! CelB) were cloned from Humicola insolens. The 
;mal structure of the catalytic core domain of the 2 cellulases 
-d by x-ray crystallog. methods. Amino acid sequence alignments 
r known cellulases and mol. modeling allowed the identification 

in the binding cleft of the catalytic core domain, its 
..ng loop regions, and on the surface of the 3-dimensional 
. Mutagenesis allowed trimming of the binding cleft loops to 
activity. The CelB enzyme was also stabilized against 
ion by anionic tensides by mutation/deletion of surface 
esidues towards more neg. charged residue (s) . The achieve 
'lerformance of the enzyme in color clarification, a linker and 
-binding domain are attached to the catalytic core domain to 
nybrid enzyme. Addnl . variants were constructed. 
: iants were constructed (e.g. in positions 20, 56, 94, 
.82, 183 and 318) with altered pH activity, catalytic 
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port a novel strategy for selecting mutations that mislocalize 
oins within the Escherichia coli cell envelope and describe the 
obtained. A strain carrying a deletion of the 

.:»,al malE gene, coding for the periplasmic maltose-binding protein 
-annot use maltose unless a wild-type copy of malE is present in 
olacement of the natural signal peptide of preMalE by the signal 
,nd the first four amino acids of a cytoplasmic membrane-anchored 
:n resulted in N-terminal fatty acylation of MalE {lipoMalE) and 
. ! to the periplasmic face of the cytoplasmic membrane, where it 
11 function. When the aspartate at position +2 of this protein 
: :ed by a serine, lipoMalE was sorted to the outer membrane, 

-lot function. Chemical mutagenesis followed by selection for 
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ing mutaats resulted in the identif icatiorLpf two 

mutatic^^ The single class I mutant cai^^pd a 
rne mutaffon that replaced the serine at jWsition +2 by 
ine. Systematic substitutions of the amino acid at position +2 
hat, besides phenylalanine, tryptophan, tyrosine, glycine and 
uld all replace classical cytoplasmic membrane lipoprotein 
nnal (aspartate +2) . Analysis of known and putative 



in 



the cytc 
general .. 
represen' ^ 
mutation, 
of lipop; - 



the E . coli K-12 genome indicated that these amino acids are 
nd at position +2. In the class II mutants, a 
1 mutation caused small and variable amounts of lipoMalE to 
cciated with the cytoplasmic membrane. Similar amounts of 
ndogenous outer membrane lipoprotein, NlpD, were also present 

asmic membrane in these mutants, indicating a minor, 

■"ect in the sorting of outer membrane lipoproteins. Four 

uive class II mutants analysed were shown not to carry 

in the lolA or lolB genes, known to be involved in the sorting 

ceins to the outer membrane. 
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mutants of pullulanase of Bacillus strain 
•j by deletion or substitution mutation at 44 3-Met 
7-Ala to improved their resistance to oxidizing agents; and use 
tants for the prepn. of detergents and 

■jharifying agents are described. The pullulanase is 
,om the domain 1023-Met . apprx , 1820-Asp of the 1 938-amino-acid 
ilanase of Bacillus strain KSM-AP1378. Prepn. of single 
14 3A, M443E, M443I, M443L, M443N, M443R, M443S, and 
ion. of double mutants such as M443L/A557C; their 
' n the presence of H202; and the washing ability of a detergent 
vrj. them were also shown. Also claimed are the detergent and 
■i:ig agents contg. the pullulanase mutants 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
Extracellular protein secretion by the main terminal branch of the 
general secretory pathway in Pseudomonas aeruginosa requires a secretion 
machinery comprising the products of at least 12 genes, One of the 
components of this machinery, the XcpR protein, belongs to a large family 
of related proteins distinguished by the presence of a highly conserved 
nucleotide binding domain (Walker box A) , The XcpR protein is essential 
for the process of extracellular secretion and amino acid substitutions 
within the Walker A sequence result in inactive XcpR, The same mutations 
exert a dominant negative effect on protein secretion when expressed in 
wild-type 1 bacteria. Transdominance of XcpR mutants suggests that 
this pro'.oin is involved in interactions with other components of the 
secretion machinery or that it functions as a multimer. In this study, 

amino-te; :;\inal portion of the cl repressor protein of phage lambda was 
used as ,i reporter of dimerization in Escherichia coli following fusion 

full-length as well as a truncated form of XcpR. The cl-XcpR hybrid 
proteins "were able to dimerize, as demonstrated by the immunity of 
bacteria expressing them to killing by lambda phage. The full-length XcpR 
as well .-d several deletion mutants of XcpR were able 
to disru; " the dimerization of the chimeric cl-XcpR protein. The 
disrupts n of cl-XcpR dimers using the deletion mutants 

of XcpR, combined with the analysis of their dominant negative effects on 
protein secretion, was used to map the minimal dimerization domain of 
XcpR, which is located within an 85 amino acid region in its N-terminal 
domain, Taken together, the data presented in this paper suggest that _ the 
XcpR pro 1 ein dimeri2es via its N-terminus and that this dimerization is 
essentia, for extracellular protein secretion. 
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MULTIMER 

CHEN L Y; CHEN D Y; MI AW J; HU N T (Reprint) 
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TAIWAN 

JOURNAL OF BIOLOGICAL CHEMISTRY, (02 FEB 1996) Vol. 271, 
No. 5, pp. 2703-2708. 
ISSN: 0021-9258. 
Article; Journal 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
i.i an outer membrane lipoprotein, required for the secretion of 
lar enzymes by Xanthomonas campestris pv. campestris. Our 
tudies indicated that when the xpsD gene was interrupted by 
Tn5, extracellular enzymes were accumulated in the periplasm 
, Hung, M.-N., Chiou, S.-J., Tang, F., Chiang, D.-C, Huang, 
i Wu, C.-Y. (1992) J. Bacteriol. 174, 2679-2687). In this study, 



we const: 
mutant >:•■ 
COOH-ter: 
secretio- 
pKdA6, 

wild 

type xpe' 
Cross-li 
indicated 

that the 
Similar 
positive- 
interfering 

propert. 
strain > 
pYL4, pi- 
mult imers 

that are 
pMH7, pr 
filtrat i 
wild tyr. 
XpsD(De^ 
553-759 
protein 
nonf unc * 
XC1701 {pCDIO: 
whereas 
unknown 

L5 ANSWER I 
ACCESSION NU ? : 
DOCUMENT NUM- ■ 
TITLE: 
the 



INVENTOR ( S } : 



PATENT ASSIG ,T 
SOURCE: 

DOCUMENT TYPF 
LANGUAGE : 
FAMILY ACC. K 
PATENT IN FORI'" 



ucted a s^ies of substitutions and deletion 
>D genes ^) investigate the roles of NH2- Mi 

"nal halves of XpsD in protein secretory fonction. Among these 
. defective xpsD mutations, one group (encoded by pCD105, pYL4, 
. i pKD2) caused secretion interference when co-expressed with 

\ but the other (encoded by pMH7, pKdPs, and pKDT) did not. 
>ing studies and gel filtration chromatography analysis 

wild type XpsD protein forms a multimer in its native state. 
■ .-1. filtration analysis of xpsD mutants revealed 
■orrelations between multimer formation and secretion 

-, exerted by the mutant XpsD proteins in the parental 

.701. Those mutant XpsD proteins (encoded by pCD105, 

*.6, and pKD2) that caused secretion interference formed 

similar to the wild type XpsD multimers and those (encoded by 
■,\s, and pKDT) that did not formed smaller ones. Furthermore, gel 
. and anion exchange chromatography analyses indicated that the 

XpsD protein co-fractionated with XpsD (Delta 29-428) or 
i 448-650) protein but not with XpsD (Delta 74-303) or XpsD(Delta 

rotein. We propose that the mutant XpsD (Delta 29-428) 
.';sed secretion interference primarily by forming mixed 

rial multimers with the wild type XpsD protein in 

;e mutant XpsD (Delta 74-303) did so by competing for 
;tor (s) in XC1701 (pYL4) . 
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:sed in TCT sequences. The gene coding for^the xylanase was 
,nd purified and used to construct an expression vector 

nant host strain of B. lichenif ormis is also disclosed which is 
for expressing heterologous enzymes, including the xylanase 
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77, No. 6, pp. 712-715. 
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Note; Journal 
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^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
■;viously described methods for gene targeting (replacement ) ^ in 
La coil were applied to the disruption of the maoCA operon in 

1 aerogenes. These techniques involve plasmid-chromosomal 

-:n, resolution of the integrated intermediate and segregation 

using fusaric acid for the counter selection of plasmid 

\he gene for tetracycline resistance, or (ii) by using a 
■'■3 sensitive replicon. Both methods were found to be effective 

•3 desired chromosomal mutants in a Klebsiella strain 

2 modifications of the original experimental protocols, 
;rve as tools for gene targeting studies in Klebsiella and 

ecies . 
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the active site by site-directed mutagenesis. 
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Entered Medline: 19930907 
lete nucleotide sequence of the gene encoding the dual active 
lulanase of Thermoanaerobacter ethanolicus 39E {formerly 
: ,m thermohydrosulfuricum) was determined. The structural gene 
-cained a single open reading frame 4443 base pairs in length, 
riding to 1481 amino acids, with an estimated molecular weight of 
Analysis of the deduced sequence of apu with sequences of 
...ases and alpha-1, 6 debranching enzymes enabled the 
.; ; cion of four conserved regions putatively involved in substrate 
arid in catalysis. The conserved regions were localized within a 
ise pair gene fragment, which encoded a M(r) 100,000 protein 
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The role of the lipoprotein sorting signal {aspartate +2) 

in pullulanase secretion. 

Poquet I; Kornacker M G; Pugsley A P 

Unite de Genetique Moleculaire {CNRS-URAl 14 9 ) , Institut 
Pasteur, Paris, France. 

MOLECULAR MICROBIOLOGY, (1993 Sep) 9 {5) 1061-9. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Last Updated on STN: 19941222 
Entered Medline: 19941114 
-as of hybrid proteins and of deletion and insertion 
reveal that the only amino acid at the amino-proximal end of 

;ce lipoprotein pullulanase that is specifically 
or its extracellular secretion is an aspartate at position +2, 
y after the fatty acylated amino-terminal cysteine. To see 
o requirement for this amino acid is related to its proposed 
jytoplasmic membrane lipoprotein sorting signal, we used 

' ioatation analysis to determine the subcellular location of 
g variants (with or without the aspartate 
nat accumulated in cells lacking the pullulanase 
.secretion genes. A non-secretable pullulanase 
*ch a serine at position +2 cof ract ionated mainly with 
peak of outer membrane porin. In contrast, most (55%) of a 
a variant with an aspartate at position +2 
t ted with slightly lighter fractions that contained small 
.» of both outer membrane porin and the cytoplasmic membrane 
I oxidase. Only 5% of this pullulanase variant 

Tted with the major NADH oxidase peak, while the rest (c. 40%) 
z the bottom of the gradient in fractions totally devoid of 
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from fractions near the top of the gradient that also contained 
MADH oxidase peak. When this peak fraction was applied to a 

gradient the pullulanase activity remained at the 
le the NADH oxidase floated to the top . (ABSTRACT TRUNCATED AT 
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~E: CNRS, LCB, 31 CHEM JOSEPH AIGUIER, F-13277 MARSEILLE 9, 

FRANCE 
HOR: FRANCE 
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: , Article; Journal 
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^ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
■ellular secretion of endoglucanase Z (EGZ) from Erwinia 
s mi is mediated by the so-called Out general secretion pathway 
umably, involves recognition of EGZ-carried structural 
'on by one or more of the Out proteins. Investigating the 
nips between structure and secretability of EGZ was the purpose 
osent work. EGZ is made of two independent domains, located at 
i C-proximal sides, separated by a Ser/Thr-rich region, which are 
le for catalysis and cellulose-binding, respectively. The 

of a secretion region ('targeting signal*) was investigated by 
-he secretability of modified EGZ derivatives. These 
■"rrom deletion or peptide insertion and were designed by 
domain organization cited above as a guide. Catalytic and/or 
-binding tests showed that all proteins exhibited at least a 
: EGZ domain while immunoblot analyses confirmed that neither 

v nor the deletions led to grossly misfolded proteins. 

all of the proteins lost their secretability in E . 
:ai. This suggested that at least two secretion motifs existed, 
within each functional domain. The role of the Ser/Thr-rich 
ion was subsequently tested. Accordingly, two proteins 
. a linker region whose length was increased by the addition of 

1 litional residues and one protein lacking the linker region were 
■.11 three exhibited endoglucanase activity and cellulose-binding 
onfirming the independence of the domains within the context of 
.ccharide interaction. In contrast, none was secreted by E. 
:ni. Collectively, our results with EGZ (i) suggest the 

of multiple secretion-related sites either acting sequentially 
■ a single three-dimensional secretion signal, (ii) show that 
ity is not determined by either one of the two functional 
..one, and (iii) reveal that the linker region plays a role in 
-.. We propose that all EGZ derivatives were impaired in the 
:>n step, the nature of which is discussed. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
vhogenic mutants of Xanthomonas campestris py. 
wS, generated from transposon mutagenesis, accumulated 
lular polygalacturonate lyase, alpha-amylase , and endoglucanase 

iplasm. The transposon Tn5 was introduced by a mobilizable, 
: plasmid, pSUP2021 or pEYDGl . Genomic banks of wild-type X. 
ris pv. campestris, constructed on the broad-host-range, 
■ble cosmid pLAFRl or pLAFR3, were conjugated with one of the 
.designated XC1708. Recombinant plasmids isolated by 
. Mity to complement XC1708 can be classified into two categories. 
:esented by pLASC3, can complement some mutants, whereas 
c, represented by a single plasmid, pLAHH2, can complement all of 
>r mutants. Restriction mapping showed that the two 
nant plasmids shared an EcoRI fragment of 8.9 kb. Results from 

no, deletion mapping, and mini-Mu insertional mutation 
' .9-kb EcoRI fragment suggested that a 4 . 2-kb fragment was 
nt to complement the mutant XC1708. Sequence analysis 
;.2-kb fragment revealed three consecutive open reading frames 
?\F1, ORF2, and ORF3 . Hybridization experiments showed that Tn5 
:nome of XC1708 and other mutants complemented by pLASC3 
■ced in ORF3, which could code for a protein of 83.5 kDa . A 

<e II processing site was identified at the N terminus of the 
:i amino acid sequence. Sequence homology of 51% was observed 
the amino acid sequences predicted from ORF3 and the pulD gene of 
la species. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND IALL FORMATS* 
^romonas hydrophila Tn5-751 insertion mutant Ll.97 is 
j secrete extracellular proteins, and is fragile because of 
i assembly of its outer membrane. A Kpnl 4.1 kb fragment, which 
nts this mutant when supplied with an exogenous 
, was isolated and sequenced. It contains two complete genes, 

, plus fragments of two others and may form part of an operon. 
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che gene fully complemented the mutation, indicating that its 
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Safety evaluation of pullulanase enzyme 
preparation derived from Bacillus lichenif ormis 
containing the pullulanase gene from 
Bacillus deramificans 
Modderman, John P.; Foley, Holly H. 
Keller and Heckman, Washington, DC, 20001, USA 
Regul. Toxicol. Pharmacol. (1995), 21(3), 375-81 
CODEN: RTOPDW; ISSN: 0273-2300 
Journal 
English 

Pullulanase enzyme is an amylopectin debranching enzyme used in 
starch hydrolysis. This article describes studies conducted to 
investigate the safety of a pullulanase enzyme prepn. produced 
by a strain of Bacillus lichenif ormis that has been transformed by 
introduction of genetic material from another Bacillus species, B 
. deramificans. A 4-wk dietary toxicity study in rats was 
conducted in which test animals received pullulanase in the feed 
at concns. of 0.2, 1.0, and 5.0%. No adverse treatment-related effects 
were obsd. Lack of genetic toxicity potential was demonstrated by the 
results of a bacterial mutation assay in Salmonella typhimurium strains 
TA98, TA100, TA1535, TA1537, and TA1538, in an in vitro histidine forward 
mutation study in mouse lymphoma cells, and in in vivo mouse bone marrow 
chromosome aberration and micronucleus assays. The enzyme prepn. also 

been shown to be a nonirritant in eye and primary dermal irritation tests 
in rabbits and is nontoxic by inhalation exposure. Finally, the 
genetically altered B. lichenif ormis .has been demonstrated to be 
nonpathogenic upon single i.p. injection to rats of both live and killed 
cells at doses up to 1011 cells/kg. The results of these studies 
demonstrate that the enzyme prepn. may be considered safe when employed 

starch processing. 
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the gene encoding it 
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AB A novel pullulanase 


that is heat- 


-stable at acid pHs is 


obtained 



the 



of the enzyme for processing polysaccharides. The enzyme has a temp, 
optimum of 55- 65 . degree . at pH 4.3 and retains >80% of its activity in 



heat 



pH range 3.8-4.9. An isolate of Bacillus deramificans capable of 
hydrolyzing a pullulan deriv. at 37. degree.; the strain (B. 
deramificans T89.117D) was not itself heat-tolerant. The enzyme 
accumulated in the medium and was purified 10-fold {32% yield) from 
cultures grown on yeast ext . /potato starch medium by centrif ugation, 
treatment, acetone pptn., and ion-exchange chromatog. The gene was 
cloned 

by expression from a Sau3A partial bank in pBR322. The cloned gene was 
expressed in a Bacillus lichenif ormis host from which the alk. proteinase 
gene had been deleted using either an autonomously replicating or 
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AB The predicted amino acid sequences of pullulanases from 
Klebsiella pneumoniae strains W70 and FG9 are very 
similar and provide a basis for the design of expts. to exam, 
pullulanase function. Proteolytic digestion studies and 
computer-based sequence anal, are being used to define a functional core 
pullulanase. Computer searches identified homol . , as expected, 
between the N-terminal region of pullulanase and a range of 
collagens and collagen-like proteins. No extensive homologies were 
detected with any protein sequences in the database, although a no . of 
significant localized identities with . alpha . -amylases were revealed. A 
series of 5 amylase matrixes, corresponding to 5 regions of sequence 
conservation within microbial . alpha . -amylases, were constructed from 
aligned sequence data to search specific protein sequences with these 5 
amylase matrixes; the expected pattern of conserved regions was clearly 
identified within all the . alpha . -amylase and cyclodextrin 
glucantransferase sequences tested. The same pattern of conserved 
sequences was found within the C-terminal half of pullulanase. 
Structural evidence, from Taka-amylase suggested certain conserved 

regions 

include residues (such as glutamate-230 and aspartate-297 ) implicated in 
substrate binding and catalysis. Pullulanase and 

. alpha. -amylases may thus have functional and mechanistic similarity. An 
active variant resulting from . gamma . -chymotrypsin treatment was 
also characterized. Protein sequencing data showed that 170 residues 

were 

removed from the N-terminus and preliminary data using starch as 
substrate 

suggested that the debranching activity of this variant is 
.apprx.30% higher than that of the native enzyme. 
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Functional analysis of the starch debranching enzyme 
pullulanase 

McPherson, Michael J.; Charalambous , Bambos M . 

Biotechnol. Unit, Univ. Leeds, Leeds, LS2 9JT, UK 

Biochem. Soc. Trans. (1988), 16(5), 723-4 

CODEN: BCSTB5; ISSN: 0300-5127 

Journal 

English 
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AB A mutant pullulanase gene was constructed, by 

site-directed mutagenesis, in which the cysteine residue in a 
pentapeptide 

sequence, Leul6-Leu~Ser-Gly-Cys20 , within the NH2-terminal region of 
pullulanase from K. aerogenes is replaced by serine (Ser20) . The 
modification, processing, and subcellular localization of the 
mutant pullulanase were studied. Labeling studies with 
[3H] palmitate and immunopptn. with mouse antiserum raised against 
pullulanase showed that the wild form of both the extracellular 
and intracellular pullulanases contained lipids, whereas the 
mutant enzyme was not modified with lipids. Only the 
Cys20 was modified with glyceryl lipids. The bulk of 
mutant pullulanase was located in the periplasm, but a 
portion of the unmodified, mutant pullulanase was 
secreted into the medium. Mutant pullulanalses from 

the extracellular and the periplasm were purified and their NH2-terminal 
sequences were detd. Both the mutant pullulanases 

were cleaved between residues of Serl3 and Leul4 which is 6 amino acid 
residues upstream of the lipid modified pullulanase 
cleavage site. This new cleavage was resistant to globomycin, an 
inhibitor of the prolipoprotein signal peptidase of Escherichia coli. 

The 

pentapeptide sequence apparently plays an important role in maturation 

and 

translocation of pullulanase in K. aerogenes. However, the 
modification of pullulanase with lipids seems to be not 
essential for export of the enzyme across the outer membrane. 
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Biosynthesis and secretion of pullulanase, a 
lipoprotein from Klebsiella 
aerogenes 

Murooka, Yoshikatsu; Ikeda, Ryu j i 

Fac. Eng., Hiroshima Univ., Higashi-Hiroshima, 724, 
Japan 

J. Biol. Chem. (1989), 264(29), 17524-31 
CODEN: JBCHA3; ISSN: 0021-9258 
Journal 
English 
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AB To study the structure and function of pullulanase from K. 

aerogenes, a method involving random mutagenesis of the entire gene for 
pullulanase was used. Out of 50,000 clones screened at high 
temp., 7 genes for mutant proteins were identified by DNA 
sequencing. The amino acid substitutions in the 7 mutant 

proteins were clustered on the N-terminal side of the 4 conserved regions 
found in . alpha . -amylases . These mutant pullulanases 

were classified into 2 types: those whose catalytic activity was altered 
and those whose thermal stability was increased. The results presented 
here and in previous reports suggest that pullulanase from K. 
aerogenes has similar active sites to those of . alpha . -amylases with the 

4 

conserved regions, as well as another substrate-binding site closer to 

the 

N-terminus. The plate method used for isolation of thermostable 
variants may be applicable to the generation of useful 
variants of other enzymes. 
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1995:311056 CAPLUS 
122 : 100484 

Random mutagenesis of pullulanase from 
Klebsiella aerogenes for studies of 

the structure and function of the enzyme 
Yamashita, Mitsuo; Kinoshita, Takuya; Ihara, Michiko; 
Mikawa, Tomomi; Murooka, Yoshikatu 

Faculty Engineering, Hiroshima University, Hiroshima, 
724, Japan 

J. Biochem. (Tokyo) (1994), 116(6), 1233-40 
CODEN: JOBIAO; ISSN: 0021-924X 
Journal 
English 
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AB Mutations were introduced at residues His607, Asp 677 , His682, and His833 
in pullulanase from Klebsiella aerogenes in 

order to probe the role of these amino acid residues, which are located 

in 

the four conserved regions of the . alpha . -amylase family, in the action 

of 

the enzyme towards . alpha . -1 , 6-glucosidic linkages. For the mutations/ 
His was replaced by Asn and Ala, and Asp by Asn and Ser. Amino acid 
substitutions for His607, Asp677, or His833 resulted in complete loss of 
enzyme activity. In contrast, the mutations at His682 still retained 
their activities '. The binding affinity of these variants for 
.alpha.- or . beta . -cyclodextrin (CD), which are competitive inhibitors 

for 

pullulanase, was measured using an .alpha. -CD Sepharose column. 
The mutations at His833 did not change the binding affinity for 
.alpha. -CD, whereas the mutations at His607 or Asp677 resulted in these 
two variants losing their binding ability towards pullulan. 
These results suggest that in Klebsiella pullulanase, His607 and 
Asp677 participate in substrate binding and His833 is involved in 
catalysis, but His682 may not be in the active site. We also found new 
amino acid consensus sequences specific for starch debranching enzymes in 
two oligo-1 , 6-glucosidases, several pullulanases, and an 

isoamylase. Two amino acid residues in the predicted consensus region of 
Klebsiella pullulanase, Tyr559 and Tyr564, were replaced by Ala 
or Phe. The Tyr559 variants resulted in complete loss of 
pullulanase activity without seriously affecting the binding 
affinities for .alpha. -CD and pullulan. The mutations at Tyr564 did not 
completely inactivate the enzymes but dramatically decreased the 
activity. 

Thus, the region in Klebsiella pullulanase that includes 
Tyr559-Tyr564 probably participates in catalysis specific towards 
. alpha . -1, 6-glucosidic linkages in starch debranching enzymes. 
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Amino acid residues specific for the catalytic action 
towards . alpha . -1, 6-glucosidic linkages in Klebsiella 
pullulanase 

Yamashita, Mitsuo; Matsumoto, Dai; Murooka, 

Department of Biotechnology, Graduate School of 
Engineering, Osaka University, Osaka, 565, Japan 
J. Ferment. Bioeng. (1997), 84(4), 283-290 
CODEN: JFBIEX; ISSN: 0922-338X 

Society for Fermentation and Bioengineering, Japan 
Journal 
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Bacillus deramif icans pullulanase 

variants and methods for preparing such variants with 
predetermined properties 

Svendsen, Allan; Andersen, Carsten; Vedel Borchert, 
Torben 

Novozymes A/S, Den. 
PCT Int. Appl., 195 pp. 
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AB The present invention relates to a method for producing a variant of a 
parent pullulanase, the variant having at least one altered 
property as compared to the parent pullulanase. The altered 
properties include stability (e.g., thermostability), pH dependent 
activity, substrate cleavage pattern, specific activity of cleavage, 
substrate specificity, such as higher activity of isoamylase activity and 
/or substrate binding. Thirty-one substitution or deletion 
mutants of Bacillus deramificans pullulanase were made 
by PCR and tested after transformation and fermn. in Bacillus 
subtilis. The invention also relates to pullulanase variants 
and to the use of pullulanase variants of the invention for use 
in particular starch conversion processes. 
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Frandsen, Torben Peter 
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PCT Int . Appl . , 117 pp. 

CODEN: PIXXD2 

Patent 
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The invention relates to a variant of a parent fungal glucoamylase , which 
exhibits improved thermal stability and/or increased specific activity 
using saccharide substrates. The x-ray structure and/or model -build 
structure of Aspergillus awamori variant X100 glucoamylase was subjected 
to mol. dynamics simulations to identify regions important for 
temp. -stable activity. The truncated Gl glucoamylase from 
Aspergillus niger was modified by (1) random mutagenesis, (2) localized 
random, doped mutagenesis, or (3) PCR shuffling spiked with DNA 
oligonucleotides in order to prep, variants having improved 
thermostability compared to the parent enzyme. Such glucoamylase 
variants 

have use in starch saccharif ication, oligosaccharide prodn., specialty 
syrups, producing ethanol for fuel, producing beverages, and producing 
org. compds . (citric acid, ascorbic acid, lysine, glutamic acid). 



REFERENCE COUNT: 



FORMAT 



THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE 
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AB Pullulanases from Bacillus and Klebsiella that retain 

normal 1, 6- . alpha . -glycosidase activity despite having truncations 
of up to 300 amino acids from the N-terminal domain, optionally with 
further amino acid substitutions, and that may be useful in the starch 
industry are described. The present invention provides methods for 
producing the modified pullulanase, enzymic compns . comprising 
the modified pullulanase, and methods for the saccharif ication 
of starch comprising the use of the enzymic compns. Expression of the 
Bacillus deramificans pullulanase gene in B. 

licheniformis hosts lacking the Carlsberg subtilisin and endopeptidase 
Glu-C resulted in the appearance of a series of N-terminal 
deletions of the pullulanase. Saccharif ication of 
starch with mixts. of glucoamylase (20%) and the pullulanases 
(80%) led to the saccharif ication of the starch without the formation of 
disaccharides . 
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TITLE: Pullulanase mutants of Bacillus 

strain KSM-AP1378 for preparation of detergents and 

starch-saccharifying agents 
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JP 10327868 A2 19981215 JP 1997-141596 19970530 

AB Prepn. of mutants of pullulanase of Bacillus strain 

KSM-AP1378 by deletion or substitution mutation at 443 -Met 

and/or 557 -Ala to improved their resistance to oxidizing agents; and use 

of the mutants for the prepn. of detergents and starch-saccharifying 

agents are described. The pullulanase is derived from the 

domain 1023 -Met . apprx. 182 0 -Asp of the 1938 -amino-acid amylopullulanase of 

Bacillus strain KSM-AP1378. Prepn. of single mutants M443A, 

M443E, M443I, M443L, M443N, M443R, M443S, and M443V; prepn. of double 

mutants such as M443L/A557C; their stability in the presence of H202 ; and 

the washing ability of a detergent compn. contg. them were also shown. 

Also claimed are the detergent and saccharifying agents contg. the 

pullulanase mutants and other enzymes such as . alpha . -amylase , 

glucoamylase, etc. 
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275-282 . 
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ISSN: 0021-924X. 
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♦ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
TVA I, an alpha -amylase from Thermoactinomyces vulgaris R-47, is a 
versatile enzyme which hydrolyzes the alpha- (1- ->4) -glucosidic linkages 



COUNTRY OF AUTHOR 
SOURCE : 



DOCUMENT TYPE: 
FILE SEGMENT: 
LANGUAGE : 
REFERENCE COUNT: 



AB 



pullulan to produce panose, known as neopullulanase activity, and the 
alpha- (1- ->6) -glucosidic linkages of certain oligosaccharides, We 
modified 

the Ala-357, Gin-359 ; and Tyr-360 residues located in region II, one of 
the four regions conserved in a-amylase family enzymes, and 
deleted 11 consecutive amino acid residues located after the 
C-terminus of region II of the TVA I sequence by means of site-directed 
mutagenesis, The action pattern of the mutated enzyme for pullulan was 
greatly altered and it hydrolyzed mainly the alpha- (l-->6) -glucosidic 
linkages of pullulan to produce maltotriose, while the action patterns 



for 



starch and maltooligosaccharides were almost identical to those of the 
wild-type enzyme, This means that the mutated TVA I has lost the 
neopullulanase activity, and thus can be designated as an 
amylopullulanase-type enzyme, The k(cat)/K-m value of the mutated enzyme 
for alpha- (l-->6) -glucosidic linkages was virtually unaltered, while that 
for alpha- (l-->4) -glucosidic linkages was about 100 times smaller than 
that of the wild-type enzyme. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
A gene coding for a pullulanase from the obligately 
anaerobic, extremely thermophilic bacterium Caldicellulosiruptor 
saccharolyticus has been cloned in Escherichia coli. It consists of an 
open reading frame (pulA) of 24 7 8 bp which codes for an enzyme of 95 73 2 

and is flanked by two other open reading frames. A truncated 
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activity staining gel, while recombinant E. coli expressed a single 
amylase with a mo jkwt . of 220 kDa (AapT) , which c^kesponded to the mol . 
wt. calcd. from tn^open reading frame of aapT. Tft^optimum temp, for 



activities of AapT-1 {85 kDa) and AapT-2 (135 kDa) was 70. degree. C, which 
is the same as that of the full -sized AapT (22 0 kDa) from E . coli. In 
contrast, the optimum pH for the activities of AapT-1 and AapT-2 were pH 
7.0 and pH 8.0, resp., whereas that of the AapT (22 0 kDa) was pH 9.0. 
These observations indicated that the optimum pH for the activity of AapT 
was changed from the alk. to the neutral region when the enzyme was 
expressed in a lower mol. wt . truncated form. Furthermore, 
amino acid sequence alignment suggested that AapT was truncated 
in its C terminal region. Therefore, the noncatalytic C-terminal region 
may be responsible for the high optimum pH of the enzyme activity. In 
addn., activity staining and further anal, of AapT from the original 
strain, Bacillus sp. XAL601, showed glycosylation of the enzyme. 

ANSWER 9 OF 14 CAPLUS COPYRIGHT 2 0 02 ACS 

1995:372926 CAPLUS 
122 :153390 

Bacillus xylanase and gene, expression 
vectors for the xylanase and other proteins, 
expression hosts therefor, and use of xylanase in 

bleaching 

De, Buyl Eric; Lahaya, Andree; Ledoux, Pierre; Amory, 
Antoine; Detroz, Rene; Andre, Chris tophe,- Vetter, 
Roman 

Solvay et Cie., Belg. 
Eur. Pat. Appl . , 78 pp. 
CODEN: EPXXDW 
Patent 
English 
1 



L4 

ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



pulp 

INVENTOR (S) : 



PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION : 



PATENT NO. 




KIND 


DATE 


APPLICATION NO. 


DATE 


EP 


634490 




Al 


19950118 


EP 


1994- 


202002 


19940711 


EP 


634490 




Bl 


20010912 












R: AT, 


BE, 


CH, DE, 


DK, ES, FR, 


GB, : 


IT, LI 


, NL, PT, 


SE 


GB 


2279955 




Al 


19950118 


GB 


1993- 


14780 


19930715 


GB 


2279955 




B2 


19980218 










AU 


9467432 




Al 


19950127 


AU 


1994- 


67432 


19940713 


AU 


687808 




B2 


19980305 










CA 


2128050 




AA 


19950116 


CA 


1994- 


2128050 


19940714 


NO 


9402652 




A 


19950116 


NO 


1994- 


2652 


19940714 


FI 


9403389 




A 


19950116 


FI 


1994- 


3389 


19940715 


JP 


07067637 




A2 


19950314 


JP 


1994- 


164143 


19940715 


BR 


9402834 




A 


19950613 


BR 


1994- 


2834 


19940715 


US 


6180382 




Bl 


20010130 


US 


1994- 


275526 


19940715 


:ITY APPLN. 


INFO. 






GB 1993-14780 A 


19930715 



AB A purified xylanase derived from B. pumilus PRL B12 is disclosed. This 

xylanase is efficient for use in the biobleaching of wood pulp, 
permitting 

a strong redn. in the quantity of chlorine used and AOX compds . produced 
in classical and ECF wood pulp bleaching sequences as well as the 
quantity 

of ozone used in TCF sequences. The gene coding for the xylanase was 
isolated and purified and used to construct an expression vector 
therefor . 

A recombinant host strain of B. lichenif ormis is also disclosed which is 
efficient for expressing heterologous enzymes, including the xylanase 

when 

transformed by the expression vector. The pH and temp, optima and pi of 
the xylanase were detd. An alk. protease deletion mutant of B. 



licheniformis was prepd. and used for expression of^the xylanase gene as 
well as for a no.f| other enzyme genes. 
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Extracellular secretion of pullulanase is 
unaffected by minor sequence changes but is usually 
prevented by adding reporter proteins to its N- or 
C- terminal end 
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Linker insertions in the pullulanase structural gene (pulA) were 
examd. for their effects on pullulanase activity and cell 
surface localization in Escherichia coli carrying the cognate secretion 
genes from Klebsiella oxytoca. Of the 23 insertions, 11 abolished 
pullulanase activity but none were found to prevent secretion. To 
see whether more drastic changes affected secretion, we fused up to five 
reporter proteins (E. coli periplasmic alk. phosphatase, E. coli 
periplasmic maltose-binding protein, periplasmic TEM . beta . -lactamase , 
Erwinia chrysanthemi extracellular endoglucanase Z, and Bacillus 
subtilis extracellular levansucrase) to three different positions in the 
pullulanase polypeptide: close to the N terminus of the mature 
protein, at the C terminus of the protein, or at the C terminus of a 
truncated pullulanase variant lacking the last 2 56 amino 
acids. Only 3 of the 13 different hybrids were efficiently secreted: 2 

which .beta . -lactamase was fused to the C terminus of full-length or 
truncated pullulanase and 1 in which maltose -binding 
protein was fused close to the N terminus of pullulanase. 
Affinity-purified endoglucanase -pullulanase and 
pullulanase-endoglucanase hybrids exhibited apparently normal 
levels of pullulanase activity, indicating that the conformation 
of the pullulanase segment of the hybrid had not been 
dramatically altered by the presence of the reporter. However, 
pullulanase-endoglucanase hybrids were secreted efficiently if the 
endoglucanase component comprised only the 60-amino-acid, C-terminal 
cellulose-binding domain, suggesting that at least one factor limiting 
hybrid protein secretion might be the size of the reporter. 
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AB A novel pullulanase that is heat- stable at acid pHs is obtained 
from Bacillus and the gene encoding it is cloned and expressed 
for manuf. of the enzyme for processing polysaccharides. The enzyme has 

a 

temp, optimum of 55-65 . degree . at pH 4.3 and retains >80% of its activity 
in the pH range 3.8-4.9. An isolate of Bacillus deramificans 
capable of hydrolyzing a pullulan deriv. at 37. degree.; the strain (B, 
deramificans T89.117D) was not itself heat-tolerant. The enzyme 
accumulated in the medium and was purified 10 -fold (32% yield) from 
cultures grown on yeast ext . /potato starch medium by centrifugation, heat 
treatment, acetone pptn. , and ion-exchange chromatog. The gene was 
cloned 

by expression from a Sau3A partial bank in pBR322. The cloned gene was 
expressed in a Bacillus lichenif ormis host from which the alk. 
proteinase gene had been deleted using either an autonomously 
replicating or integrating plasmid. 
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The role of the lipoprotein sorting signal (aspartate 
plus-2) in pullulanase secretion. 

Poquet, Isabelle; Kornacker, Michael G.; Pugsley, Anthony 
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(1) Unite de Genetique Mol. (CNRS-URA 1149), Inst. 
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The analyses of hybrid proteins and of deletion and insertion 
mutations reveal that the only amino acid at the amino-proximal end of 
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the 



cell surface lipoprotein pullulanase that is specifically 
required for its extracellular secretion is an aspartate at position +2, 
immediately after the fatty acylated amino- terminal cysteine. To see 
whether the requirement for this amino acid is related to its proposed 
role as a cytoplasmic membrane lipoprotein sorting signal, we used 
sucrose 

gradient floatation analysis to determine the subcellular location of 
pullulanase variants (with or without the aspartate residue) that 



accumulated in cells lacking the pullulanase-specif ic secretion 
genes. A non-secrJ^ble pullulanase variant with a^fcrine at 
position +- 2 cofBrctionated mainly with the major^^ak of outer membrane 
porin. In contrast, most (55%) of a pullulanase variant with an 
aspartate at position +2 cof ractionated with slightly lighter fractions 
that contained small proportions of both outer membrane porin and the 
cytoplasmic membrane marker NADH oxidase. Only 5% of this 
pullulanase variant cof ractionated with the major NADH oxidase 
peak, while the rest {c. 40%) remained at the bottom of the gradient in 
fractions totally devoid of porin and NADH oxidase. When analysed by 
sedimentation through sucrose gradients, however, a large proportion of 
this variant was recovered from fractions near the top of the gradient 
that also contained the major NADH oxidase peak. When this peak fraction 
was applied to a floatation gradient, the pullulanase activity 
remained at the bottom while the NADH oxidase floated to the top. Thus, 
there is no evidence that lipoproteins that cof ractionate with the 
cytoplasmic membrane under certain conditions are actually associated 

with 

the membrane. Instead, the results support our previous proposal that 
lipoproteins with an aspartate +2 residue are specifically enriched in a 
distinct domain of the cell envelope that contains material from both the 
cytoplasmic and the outer membranes. Possible explanations for the 
requirement for the aspartate residue in pullulanase secretion 
are discussed. 
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AB The last gene (pulO) of the pul-0 pullulanase secretion gene 

operon of Klebsiella oxytoca codes for a protein that is 52% identical to 
the product of the pilD/xcpA gene required for extracellular protein 
secretion and type IV plus biogenesis in Pseudomonas aeruginosa. The 
PilD/XcpA protein is known to remove the first six amino acids of the 
signal sequence of the type IV pilin precursor by cleaving after the 
glycine residue in the conserved sequence GF (M) XXXE (where X represents 
hydrophobic amino acids) . This prepilin peptidase cleavage site is 
present in the products of four genes in the pulC-0 operon (PulG, PulH, 
Pull and PulJ proteins) . It is shown here that PulO processes the pulG 
gene product in vivo. Processing was maximal within 15 s, but expts . in 
which the expression of pulO was uncoupled from that of the other genes 



m 



the secretion operon suggest that processing can also occur 
post-translationally . The products of two pulG derivs . with internal 
inframe deletions were also processed by PulO, but the three 
PulG-PhoA hybrids, two PulJ-PhoA hybrids and the single PulH-PhoA hybrid 
tested did not appear to be processed. Sucrose gradient fractionation 
expts. showed that both precursor and mature forms of PulG appear to be 
assocd. with low-d. , outer membrane vesicles prepd. by osmotic lysis of 
sphaeroplasts . Neither the xcpA gene nor the Bacillus subtilis 
gene comC, which is also homologous to pulO and codes for a protein with 
type IV prepilin activity, can correct the pullulanase secretion 
defect in an Escherichia coli strain carrying all of the genes required 
for secretion except pulO. Furthermore, neither XcpA nor ComC is able to 
process prePulG protein in vivo. 
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AB Thermostable pullulanase was purified to homogeneity on sodium 

dodecyl sulf ate-polyacrylamide gel from the culture supernatant of B. 
stearothermophilus TRS128. However, multiformity of the 
pullulanase was suggested by activity staining on a 
pullulan-reactive red plate. The thermostability of the enzyme was 
tested. In the presence of Ca2+, the optimum temp, of the 
pullulanase was 75. degree., and nearly 100% of the enzyme activity 
was retained even after treatment at 68. degree, for 60 min. Since the 
thermostable pullulanase gene (pulT) has been cloned, the 
nucleotide sequence was detd. Although the DNA sequence revealed only 



one 



large open reading frame, 2 possible pairs of SD sequence and initiation 
codon were found in the frame. To analyze the regulatory region, several 
mutations (deletion, insertion and substitution of nucleotides) 
were introduced in the flanking region of pulT, using site-directed 
mutagenesis. A putative promoter, SD sequence and initiation codon were 
inferred. The pulT gene was composed of 1974 bases and 65 8 amino acid 
residues (mol. wt. 75,375). The deduced amino acid sequence of the 
thermostable pullulanase exhibited a fairly low homol . with that 
of the thermolabile pullulanase from Klebsiella aerogenes. 
However, 4 consensus sequences contg. catalytic and (or) substrate binding 
sites for amylolytic enzymes were also found in the thermostable 
pullulanase and the thermolabile enzyme. 
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